Background-Arthralgia is a common and debilitating side effect experienced by breast cancer patients receiving aromatase inhibitors (AIs) and often results in premature drug discontinuation.
INTRODUCTION
Arthralgia, or joint pain, is a debilitating side effect of aromatase inhibitors (AIs) among postmenopausal women with hormone receptor positive breast cancer taking these drugs. (1) Nearly half of AI-users in the clinical setting report arthralgia attributable to AIs. (2) Arthralgia ranks as the top symptom associated with AIs discussed in online breast cancerspecific message boards (3) and often results in poor adherence, or discontinuation.(4) Premature discontinuation negatively impacts disease free and overall breast cancer survival. (5) There is emerging evidence (6) and acceptance (7) for acupuncture, a practice in Traditional Chinese Medicine, as a component of pain management. Many breast cancer patients desire the integration of acupuncture into their conventional cancer care (8) and 60% of National Cancer Institute designated comprehensive cancer centers in the U.S. recommend acupuncture as an approach for patient symptom management. (9) Despite growing interest from patients and cancer centers, rigorous research is needed to guide its evidence-based integration into cancer care to improve patient outcomes.
A few studies have suggested that acupuncture may be safe and effective for managing AIrelated arthralgia (10) (11) (12) . However, lack of controls, small sample sizes, and high drop-out levels in intervention arms limit the interpretation of these results. Additionally, lack of comparison with usual care makes it difficult to evaluate the clinical relevance of the overall effect of acupuncture for this condition. To more definitively test the clinical effect of acupuncture, we conducted a Phase-II randomized controlled trial (RCT) to evaluate the short term effects and safety of electro-acupuncture (EA) for AI-related arthralgia compared to usual care. We chose EA because animal research has demonstrated its clear physiological effect on the endogenous opioid system (enkaphalin, beta-endorphin, and endomorphin) and pain reduction. (13) Our primary hypothesis was that patients receiving EA would have a greater reduction in arthralgia and improved function at Week 8 compared to the Waitlist Control (WLC) "usual care" group. As secondary aims, we evaluated the durability of response with a repeated measure at Week 12 and evaluated the magnitude of response to sham acupuncture (SA) to inform the design of a future phase III trial.
METHODS

STUDY PARTICIPANTS
We conducted a three arm RCT (EA, SA, and WLC) from September 2009 through May 2012 at the Abramson Cancer Center of the Hospital of the University of Pennsylvania, a tertiary care academic medical center in Philadelphia. The institutional review board of the University of Pennsylvania approved the study protocol. Eligible patients were women with a history of early stage breast cancer (stages I-III) who were currently receiving an aromatase inhibitor (Anastrozole, Letrozole, or Exemestane), had joint pain that they attributed to their AI for at least three months, reported a worst pain rating of at least four or greater on an 11 point (0-10) numerical rating scale in the preceding week, reported at least 15 days with pain in the preceding 30 days, and signed the informed consent. We excluded individuals who had metastatic (stage IV) breast cancer or who had a history of a bleeding disorder.
STUDY DESIGN
Participants were randomly assigned to treatment groups using computer-generated numbers sealed in opaque envelopes. The research coordinator first opened the envelope to inform the subject whether she was randomized to the acupuncture or WLC group. Changing block sizes of 3 or 6 were used to ensure a 2 to 1 acupuncture vs. WLC allocation. Subsequently for the acupuncture group, the treating acupuncturist opened a second envelope using computer-generated numbers at the first acupuncture visit to determine if the subject was to receive EA or SA. All participants were educated on joint pain, staying physically active, and continuing with current medical treatments (including prescription and over-the-counter pain medications) as usual. Patients in the WLC were told that they could receive 10 real acupuncture treatments after follow-up. To minimize potential reporting bias, WLC patients were informed that if their arthralgia improved during the waiting period, they could still receive acupuncture for other reasons (e.g. relaxation).
ELECTRO-ACUPUNCTURE
Two licensed non-physician acupuncturists with 8 and 20 years of experience, respectively, administered interventions twice a week for two weeks, then weekly for six more weeks, for a total of ten treatments over eight weeks. Informed by our prior feasibility trial,(11) we developed a manualized protocol (See Appendix) based on the Traditional Chinese Medicine theory that regards joint pain as part of the Bi Syndrome (14, 15) . The acupuncturist chose at least four local points around the joint with the most pain. Additionally, at least four distant points were used to address constitutional symptoms such as depression/anxiety and fatigue that are commonly seen in conjunction with pain. The needles (30 mm or 40mm and 0.25 mm gauge, (Seirin-America Inc., Weymouth, MA) were inserted until "De Qi" (sensation of soreness, tingling, etc.) was reported by patients. (16) Two pairs of electrodes were connected at the needles adjacent to the painful joint(s) with two hertz electro-stimulation provided by a TENS unit. The decision to use low frequency electro-stimulation was based on our experience with the prior trial (11) and basic research suggesting electro-acupuncture at a low frequency can stimulate the brain to release specific endogenous opioid peptides (13) . The needles were left in place for 30 minutes with brief manipulation at the beginning and the end of therapy.
SHAM ACUPUNCTURE
The treatment frequency and duration were the same for SA except: 1) We used Streitberger needles, which acted like a stage dagger with the shaft of the needle retracting into the handle, creating a shortened appearance to lead patients to believe that needles were inserted into the skin; (17) 2) The acupuncturist selected between 8 and 12 non-acupuncture, nontrigger points at least 5 cm from the joint where pain was perceived to be maximal; 3) Instead of eliciting "De Qi," the needles were minimally manipulated to avoid eliciting sensations other than the initial contact with skin; and 4) Instead of adding a small electric current to the needles, the dial of the TENS unit was turned on to a different channel, so that the subject could observe the light blinking without receiving the electricity.
OUTCOME MEASURES AND FOLLOW-UP
The primary outcome was the change in pain severity score as measured by the Brief Pain Inventory (BPI) at the end of Week 8 of intervention compared to that at Baseline between the EA and the WLC groups. The BPI is a patient-reported outcome of pain with demonstrated reliability, validity, and responsiveness to change among patients with cancer. (18) The numerical rating scale ranges from 0-10, with 10 indicating the greatest severity or pain-related interference. The pain-related interference domain of the BPI was used as a secondary outcome. To test the durability of the intervention, the BPI was repeated at Week 12, four weeks following completion of the intervention.
The patient's Global Impression of Change was measured at Week 8 to define clinical importance from the patient's perspective. (19) We also evaluated other secondary outcomes at Baseline and Week 8 including: Western Ontario and McMasters Universities Osteoarthritis (WOMAC) Index to measure lower extremity pain, stiffness, and function limitations (20) and the Quick Disability of Arm, Shoulder, Hand (DASH) scale to measure upper extremity functional limitation. (21) Trained staff blinded to treatment groups also performed the Physical Performance Test (PPT).(22) The 9-item PPT is an objective measure of physical function that includes assessments of both lower and upper extremity function, as well as balance and endurance.
MASKING
In this trial, the PI, study investigators, patients, study staff, and statistician were all blinded to the treatment assignments between EA and SA with the exception of the acupuncturists. Throughout the study, research staff monitored adverse events using a standard adverseevent (AE) case report form at each visit. Individuals in the WLC group were contacted at the same frequency by phone by the research staff. Blinding between EA and SA was evaluated by the credibility rating at Week 8 (23) . In addition, patients were asked to guess whether they received EA, SA, or were unsure.
STATISTICAL ANALYSIS
We based our sample size calculation on the comparison between EA and WLC of BPI pain severity at Week 8. Per preliminary data,(11) the baseline pain severity score had a mean of 5.3 +/− standard deviation (SD) of 1.5, and we assumed EA would improve the score by 1.6 (30%) as compared to the WLC to be clinically meaningful. (24) In order to have 80% power to detect this difference using a two-sided significance level of 0.05, we needed 18 subjects in each of the WLC and EA groups. Assuming a 20% dropout rate, we needed to recruit 23 subjects per arm to fall within the precision noted in the sample size calculation. By design, our trial was not powered to detect significant differences between EA and SA.
ANOVA or Chi-square test was used to compare baseline variables among groups. Because our primary and secondary outcome measures were repeated measures over time, we assessed differences of changes from Baseline to Week 8 and Week 12 using mixed-effect models. (25) Time and group were treated as categorical variables and a random intercept term was included in the mixed-effect model. (26) Tests of intention-to-treat differences between intervention arms with respect to the change were based on time-intervention interactions in the mixed-effect models. Results are presented as between-group differences with 95% confidence intervals. All statistical tests were two-sided. Statistical significance was set at the < 0.05 level.
RESULTS
Between September 2009 and May 2012, we screened 159 patients. Of the 76 patients who qualified for baseline evaluation, nine were further excluded (seven had patient-reported pain level lower than inclusion criteria, one had severe pain unrelated to AIs, and another did not want to participate), and the 67 eligible participants were randomly assigned to EA, SA, or WLC. Among participants, 21 (95.4%) in the EA group and 20 (90.5%) in the SA group received all ten treatments. Four (6%) and eight (12%) patients were lost to follow-up before Week 8 and 12, respectively (Fig. 1) . Table 1 shows baseline data for the 67 participants. The mean age of the women enrolled was 59.7 years, (range 41 to 76), and 48 (71.6%) were White, while 16 (23.9%) were Black. Forty-four patients (66%) were receiving anastrozole at the time of randomization, and, on average, participants had been on an AI for 25.9 (range 3 to 56) months. The mean BPI pain severity score was 4.9 and pain-related interference score was 3.7. Baseline characteristics were well balanced and not significantly different among the three groups. Table 2 shows changes in all primary ( Figure 2 ) and secondary outcomes ( Figure 3) at Week 8 and Week 12 compared to Baseline among three treatment groups.
BASELINE CHARACTERISTICS OF THE PATIENTS
STUDY OUTCOMES
At Week 8, the EA group had a statistically significant greater decrease in the BPI severity score than did the WLC group −2.2 points (95% confidence interval [CI], −3.2 to −1.2) vs. −0.2 points (95% CI, −0.9 to 0.5), and the mean between-group difference was −1.9 points (95% CI, −3.1 to −0.8, p=0.0004, Cohen's d = 0.76). The EA group also had statistically significant greater reduction in pain-related interference score than the WLC group −2.0 points (95% CI, −3.2 to −0.8) vs. 0.2 points (95% CI, −0.6 to 0.9), and the mean betweengroup difference was −2.2 points (95% CI, −3.5 to −0.8, p=0.0006), Cohen's d = 1.04. Compared to Baseline, EA produced a 43.1% reduction in pain severity and a 52.6% reduction in pain-related interference over the Week 8 intervention period. Based on Patient Global Impression of Change, more patients in the EA than WLC group reported arthralgia being "much improved" or "very much improved" (57.1% vs. 4.6%, p<0.001).
Compared to the WLC, the EA group also had a statistically significant greater improvement in lower extremity outcomes as measured by the WOMAC index: −78.9 points (95% CI, −124.7 to −33.0, p=0.0009, Cohen's d = 0.99) for pain; −42.5 points (95% CI, −69.7 to −15.4, p=0.0014, Cohen's d = 0.94) for stiffness, and −262.9 points (95% CI, −422.6 to −103.3, p=0.0005, Cohen's d = 1.00) for function. The EA group also had statistically significant greater improvement in the upper extremity disability score as measured by the Quick-DASH (−11.8 points, 95% CI, −20.8 to −2.7, p=0.005, Cohen's d = 0.58). The EA group had non-significant improvement in the observed PPT score as compared to WLC (1.8 points, 95% CI, −0.1 to 3.6, p=0.061, Cohen's d = 0.61).
At Week 12, four weeks beyond the end of treatment, the EA group continued to have significant reduction in both pain severity (p<0.0001) and pain-related interference (p=0.0034) compared to the WLC group.
The SA group also showed a statistically significant greater decrease in the BPI severity score compared to the WLC group at both Week 8 (p<0.001) and Week 12 (p=0.0036). EA and SA showed no statistical difference in all study outcomes at Week 8. At Week 12, EA had non-significant improvement as compared to SA in BPI severity (−0.66, p=0.22) and BPI interference (−0.80, p=0.34).
ADVERSE EFFECTS
Despite needle placement in the same arm as breast cancer surgery, no case of infection, no reports of development or worsening of lymphedema occurred in either EA or SA groups. Eighteen related adverse events (AEs) were reported by eight subjects in the EA or SA groups during 398 intervention episodes. These AEs were mild in severity and spontaneously resolved without additional medical interventions. The EA group had more adverse events reported than the SA group (16 vs. 4) . A major category of AEs reported in the EA group was related to the "De Qi" sensation (N=6 such as tingling, numbness during the acupuncture process). Both EA and SA groups had similar rates of pain at the needling site (5 and 4 respectively). 
ASSESSMENT OF BLINDING BETWEEN EA AND SA
DISCUSSION
This randomized controlled trial met its primary endpoint, demonstrating that EA produced statistically significant and clinically important improvements in pain severity, pain-related interference, and functional outcomes in both upper and lower extremities when compared to WLC usual care. The effects were observed at Week 8 when intervention completed, and persisted at the Week 12 follow-up visit. SA also produced a similar magnitude of change in pain-related outcomes that were significantly better than the WLC. Both EA and SA were safe, without significant adverse events.
To our knowledge, our study is the largest RCT of acupuncture for AI-related arthralgia to date ***(N=67) compared to two prior studies with sample sizes of 38 (10) and 47 (12) . More importantly, our study is the only study to date that utilized a "usual care" waitlist control group. The Cohen's ds between EA and usual care for pain severity and interference indicated moderately large effect sizes that are clinically relevant. Additionally, compared to the usual care WLC group, 50% of participants receiving EA reported joint pain "much improved" or better (Number to Treat = 2). Further, our study is the only study to date that had a four week follow-up "no-treatment period" which demonstrated that the effect of EA appears to be durable. This is clinically important because it suggests that acupuncture may be effective without requiring continuous use throughout the five year AI treatment period. Until more definitive and long-term studies are conducted, these results provide a context for both patients and clinicians to decide whether acupuncture is an option for them to manage AI-related arthralgia.
We included a sham acupuncture arm in our study as an additional control group to determine whether the therapeutic effect of acupuncture required the components of location, "De Qi," and electrical stimulation. We found that SA produced similar effects to EA in the short term, consistent with the trial conducted by Bao et al. (12) but different from the results of Crew et al. (10) . While the effect of real acupuncture was similar in magnitude among all three studies, only the Crew study failed to find a therapeutic effect of SA. Sham acupuncture produced almost no change in pain severity scores in Crew's study (10) while in both our study and that by Bao (12) , the sham control appeared to have produced comparable effects to EA at the endpoints of interest. Our findings are also consistent with acupuncture research performed in non-cancer related musculoskeletal pain that shows sham acupuncture has therapeutic effects in pain reduction. (6) Substantial controversy exists regarding whether sham acupuncture is, in fact, an active intervention rather than "placebo," since tactile stimulation with sham device can result in actual physiologic change that is not inert (27) . Recent functional brain imaging studies also suggest that sham acupuncture can produce changes in brain regions that are an integral part of the pain pathways (28) .
While the exact mechanism of action of acupuncture for AI-related arthralgia is unknown, estrogen deprivation has been temporally associated with this condition. (29) It is hypothesized that estrogen deprivation may decrease the generation of endogenous opioids, thereby leading to a lowered pain threshold. (30) A specific component of EA analgesia is mediated through endogenous opioid release in animal research.(13) Using C-carfentanil positron emission tomography imaging, Harris et al. found that real acupuncture increased mu-opioid receptor (MOR) binding potential in key areas of brain pain central processing (e.g., cingulate, caudate, and amygdale), while SA produced slightly decreased MOR binding potential, suggesting divergent mechanistic pathways for real and sham acupuncture. (31) Since both forms of acupuncture produced similar and clinically meaningful pain reduction, future research incorporating functional brain imaging or pain sensitivity testing may increase our understanding of the potential mechanism of AI-related arthralgia and acupuncture effect.
It is important to acknowledge several limitations of the current study. While our study was powered to detect a difference between EA and WLC, it was not powered to detect a statistically significant difference between EA and SA. Additionally, our follow-up period may have been too short to see a difference between EA and SA, as we began to observe a potential separation of effect between the two groups at Week 12. Finally, as discussed before, our sham control may not function as a physiologically inert placebo. Future studies should therefore incorporate controls that address attention but do not produce physiological changes associated with tactile stimulation, such as those produced by needles, in order to better evaluate the efficacy of acupuncture.
In conclusion, arthralgia remains a major component of symptom burden in breast cancer survivors receiving aromatase inhibitors and leads many women to stop AIs prematurely (4) . Currently, no treatment has been found to be definitively effective for this condition, and many oncologists discontinue AIs in order for their patients to decrease joint pain and regain a sense of quality of life. Our findings add to the small but growing body of literature suggesting that acupuncture may have clinical benefit for reducing AI-attributable pain and pain-related interference in function. Changes in outcome scores from baseline are shown for electro-acupuncture (EA), sham acupuncture (SA), and waitlist control (WLC) groups. Abbreviations: EA, Electroacupuncture; SA, Sham acupuncture; WLC, Waitlist control
